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Abstract
Background: Pancreatic anastomotic leak is one of the most serious complications following pancre-
aticoduodenectomy (PD). Various factors have been implicated as contributors to pancreatic anastomotic
leaks, the incidence of which has been as high as 28% in some series.
Objectives: We describe technical modifications to Cattell's technique for pancreaticojejunostomy (PJ),
with buttressing of ‘soft’ pancreases and use of an isolated biliopancreatic loop for reconstruction
following a PD.
Methods: We report our early experience using this technique in 50 patients who underwent PD
between May 2002 and June 2006.
Results: There was no mortality in our series. The postoperative morbidity rate was 32% (16/50), with
major complications occurring in seven (14%) patients. Pancreatic leak occurred in one patient (2%) and
bile leak in one patient (2%). Both patients were managed conservatively.
Conclusions: Reconstruction after PD using an isolated biliopancreatic loop and modifications to
Cattell's technique for PJ, with buttressing of the soft pancreas, can be performed with a low risk of
pancreatic anastomotic leakage.
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Introduction
Almost a century has passed since the first pancreaticoduodenec-
tomy (PD) was performed by Walther Kausch in 1911.1 As the
procedure gained in popularity, it became known as ‘Whipple’s
operation’ after its description by Allen Whipple, who reported
the first series of PD in 1934,2 and subsequently came to be con-
sidered the surgical treatment of choice for periampullary lesions.
Pancreaticoduodenectomy is considered by many to represent one
of the most challenging and complex intra-abdominal operations;
it requires advanced technical skills and a high standard of perio-
perative care. The procedure is now considered the standard treat-
ment for patients with both malignant and benign disease of the
head of the pancreas and of the periampullary region.
As a result of advances in anaesthesia, progress in radiological
assessment, and improvements in surgical techniques and post-
operative care, mortality rates have decreased from 30% in the
early 1970s3 to 0–5% in the last decade.4 However, PD is still
associated with a high incidence of postoperative morbidity,
which, in some series, is reported to reach 50%.4–6 Pancreatic
anastomotic leak is the most serious complication, accounting for
up to 80% of postoperative deaths.4
Many concepts have been discussed and numerous variations in
the management of the pancreatic stump have been described,
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ranging from ligation or sealing of the main pancreatic duct
(MPD), to anastomosis with the jejunum (pancreaticojejunos-
tomy [PJ]) using various methods and, more recently, with the
stomach itself.5 Many studies have compared the different tech-
niques and variations in terms of safety, feasibility, and short- and
longterm outcomes,5,7 but as yet there is no consensus among
surgeons as to which technique offers the best outcome.
We report our early experience with a modification of Cattell’s
technique for PJ8 and additional measures that included the but-
tressing all soft pancreases and the establishing of an isolated
biliopancreatic loop.
Materials and methods
We prospectively reviewed 50 patients who underwent PD carried
out using our technique, described below, over a 4-year period
between May 2002 and June 2006. These patients represent a
single surgeon’s consecutive series (KVM).All patients underwent
preoperative computer tomography (CT) scanning to assess oper-
ability. In selected cases magnetic resonance imaging (MRI) and
endoscopic ultrasound were also used to help determine operabil-
ity. Prior to surgery, all patients underwent an anaesthetic assess-
ment that included an exercise electrocardiogram (ECG) and
pulmonary function tests (if they were smokers or had respiratory
comorbidity). In patients who had difficulty in walking, dob-
utamine stress echocardiogram was performed. Although it is not
our policy to perform routine preoperative biliary drainage, it had
already been carried out in the majority of patients prior to refer-
ral to our unit. Pancreatic anastomotic leak was defined by the
presence of a drain amylase greater than three times the serum
amylase for3 days.4,9,10 Drain amylase was checked in all patients
on postoperative day 3 and, if the drain amylase was not elevated,
the drain was removed on day 5.
Modified technique for Cattell's
pancreaticojejunostomy
On completion of the PD, a Roux loop (60 cm in length) was
fashioned using a stapling device (GIA™ 60 mm). Enteroenteros-
tomy of the Roux limb was performed, again using a stapler
(GIA™ 60 mm), with the staple entry sites closed with 3/0 poly-
diaxanone sodium (PDS) sutures. The pancreatic and biliary
anastomoses were performed on the long limb and the gastric
anastomosis on the short limb of the Y loop, respectively (all
retrocolic) (Fig. 1).
The texture of the pancreas was then assessed and classified as
soft or hard, as suggested by Reid-Lombardo et al.9 Mildly fibrotic
texture was sub-classified as intermediate. For soft and interme-
diate textures, buttressing of the pancreas was performed prior to
commencing the PJ as follows: three to four horizontal mattress
sutures were placed using 4/0 PDS (Fig. 2), taking care to avoid
any inclusion of the MPD in the suture by using a metal probe
within the duct. The pancreatic anastomosis (end-to-side of the
jejunum) was commenced by a seromyotomy along the side of the
jejunum for the approximate distance of the pancreatic stump,
taking care to avoid opening the mucosa at any point. The
seromyotomy was then splayed open to create an ellipse of
mucosa, using a fine haemostatic forceps, again avoiding any inad-
vertent opening of the mucosa (Fig. 3).
Figure 1 Isolated biliopancreatic loop
Figure 2 Buttressing of pancreas 4/0 PDS sutures (pancreaticoje-
junostomy technique)
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A series of everting posterior layer interrupted sutures apposing
the seromuscular layer of the jejunum to the dorsal pancreas was
then placed using 4/0 or 5/0 (soft pancreas) PDS. This manoeuvre
everts the pancreatic stump and allows for an MPD that may be
posteriorly located to be brought forward, thus making the sub-
sequent insertion of duct-to-mucosa sutures easier (Fig. 4). The
mucosa of the jejunum was then opened directly alongside the
MPD for a similar diameter using Potts scissors. A series of inter-
rupted sutures were then placed to anastomose the MPD to the
mucosal opening, using double-ended needle 5/0 or 6/0 (depend-
ing on duct size) PDS sutures. The total number of sutures
required varied from four to six (3, 6, 9 and 12 o’clock) (Fig. 5). In
small ducts, an anterior suture was sometimes first placed on the
MPD (12 o’clock position) to allow for accurate placement of the
remaining sutures. Anterior sutures apposing the seromuscular
layer of the jejunum to the pancreas were then performed, using
4/0 or 5/80 (soft pancreas) PDS sutures (Fig. 6), thus completing
the PJ.
Figure 3 Jejunal seromyotomy (pancreaticojejunostomy technique)
Figure 4 Posterior layer using interrupted 4/0 PDS sutures, with metal probe in duct (pancreaticojejunostomy technique)
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Hepaticojejunostomy (end-to-side) at 20–25 cm from the pan-
creatic anastomosis was then performed using interrupted 4/0
PDS sutures. A pylorojejunostomy (end-to-side) using 3/0 PDS
or, for a standard PD, a posterior gastroenterostomy using a
stapler (GIA™ 60 mm) was performed on the second limb of the
Roux loop. Two soft Robinson drains were placed, one behind the
biliary but anterior to the pancreatic anastomosis and a second
behind the pancreatic anastomosis.
Figure 5 Duct-to-mucosa with single-layer 5/0 or 6/0 PDS sutures (pancreaticojejunostomy technique)
Figure 6 Anterior layer using interrupted 4/0 PDS sutures (pancreaticojejunostomy technique)
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Results
The mean age of the 50 patients was 66.3 years (standard devia-
tion [SD] 11.17, range 41–84 years) and 62% (31/50) were men.
Table 1 summarizes preoperative serological findings and Ameri-
can Society of Anesthesiologists (ASA) gradings. Median tumour
size on CT imaging was 2.5 cm (SD 0.9, range 2–7 cm). Endo-
scopic retrograde cholangiopancreatography (ERCP) was per-
formed preoperatively in 43 patients and a stent was inserted in 38
(88%) of them. None of the patients required external biliary
drainage prior to surgery. All operations were performed by or
under the supervision of one surgeon (senior author KVM) using
the technique described.
Intraoperatively, tumour size correlated well with CT findings,
with a median intraoperative tumour size of 2.5 cm (SD 0.92,
range 2–7 cm). Pancreatic duct size ranged from 0.2 cm to 1.0 cm,
with a median size of 0.4 cm (SD 0.66 cm). The pancreas was
found to be firm in 18 patients (36%), intermediate in 13 patients
(26%) and soft in the remaining 19 patients (38%). Buttressing
was performed in all patients with soft pancreases and in two
patients with intermediate glands (n = 21, 42%). Five of 50
patients were found to have portal vein involvement and required
portal vein resection and reconstruction. Two patients with neu-
roendocrine tumours required additional metastatectomies of
small liver secondaries. Median intraoperative blood loss was
300 ml (SD 143, range 200–1000 ml).
The postoperative morbidity rate was 32% (16/50), with major
complications occurring in only seven (14%) patients (Table 2).
Pancreatic leak occurred only in one patient (2%), who, despite an
elevated drain amylase, remained clinically well. This patient had
a soft pancreas that was buttressed prior to performing the pan-
creatic anastomosis. One patient also had a bile leak. Both patients
were managed conservatively. Four patients had postoperative
haemorrhage from the staple lines in stapled anastomoses (gas-
troenterostomy, one patient; enteroenterostomy, three patients) in
the early part of the study that required re-laparotomy and under-
running of the staple line. Portal vein resection was performed in
three of these patients. One patient required re-laparotomy for
bowel obstruction as a result of internal herniation. There were
no intraoperative or in-hospital deaths. The earliest death was
recorded within 2 months and resulted from early recurrence
(spinal metastases and bone marrowmicrometastases). Histologi-
cal findings are summarized in Table 3.
Discussion
Our early experience suggests that reconstruction following PD
using the modified Cattell’s technique and an isolated biliopan-
creatic loop can be performed with a low morbidity and a low
incidence of pancreatic anastomotic leakage. A recent review
found the incidence of pancreatic fistulae to be widely variable
and a major cause of postoperative morbidity.10 Therefore, the
prevention of pancreatic anastomotic leak in order to reduce mor-
bidity and mortality has been considered paramount to improv-
ing outcomes following PD. Several factors have been reported to
increase the risk of pancreatic leak, including resection technique,
pancreatic texture, MPD size, blood supply of the cut edge of the
gland, patient age, presence of jaundice, blood loss and, finally,
anastomotic techniques.11–13 However, pancreatic texture, MPD
size and anastomotic technique are considered the most signifi-
cant factors.11–15
Studies from Johns Hopkins Hospital have shown that pancre-
atic texture is correlated with pancreatic leak11,16 and have reported
a significant difference in the incidence of leak between patients
with hard pancreases and those with soft pancreases (0% vs.
25%).14 This may be explained by three factors: firstly, a soft
parenchyma has a normal exocrine function and a high pancreatic
juice output;17 secondly, a soft pancreas is more likely to be asso-
ciated with a small duct, which has been shown to be an important
factor for pancreatic leak, and, finally, suturing a soft pancreas to
the jejunal loop is associated with an increased risk of tangential
Table 1 Summary of median preoperative serologic and anaesthetic
details
Preoperative assessment Median  SD (range)
Bilirubin 52  52.8 (5–273)
Alkaline phosphatase 533  176 (225–1020)
CA 19.9 216  419 (6–1530)
ASA grade 2 (1–3)
SD, standard deviation; ASA, American Society of Anesthesiologists
Table 2 Morbidity
Complication Patients, n









Tumour type n (%)
Ductal adenocarcinoma 28 (56%)
Ampullary adenocarcinoma 3 (6%)
Cholangiocarcinoma 5 (10%)
Neuroendocrine 3 (6%)
Groove pancreatitis 4 (8%)
Intraductal papillary mucinous neoplasm 2 (4%)
Other 5 (10%)
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lacerations of the pancreatic edge, which increase the risk of leaks
from small pancreatic ducts, thus accounting for anastomotic
failure. Technically, it is essential to apply the correct tension on
the sutures to maintain a balance between reducing the risk of
parenchymal tears and preventing ischaemia of the stump of the
pancreas to the jejunum.18 Surgical experience is of paramount
importance in judging the correct tension.
More recently, a novel technique of ‘pancreatic binding’ was
described by Peng et al.19 This technique has been shown to be
associated with a low pancreatic leak rate; however, until these
results are replicated by other centres, the majority of units must
rely on a more conventional technique for PJ.
Modification of Cattell’s technique for PJ by splaying the sero-
muscular layer of the jejunum allows the mucosa to pout. This, in
combination with the everting posterior layer sutures, permits the
pancreatic duct to be drawnmore anteriorly, easing the placement
of the duct-to-mucosa sutures.Another effect of the seromyotomy
is that it allows the gland to be ‘partially intussuscepted’ into the
seromuscular cuff of jejunum created by the splaying of the
jejunotomy. The technique of buttressing the pancreas with hori-
zontal sutures provides additional firmness, which eases the place-
ment of sutures and avoids sutures cutting through. Buttressing
also possibly closes the small ducts within the gland. However,
care must be taken not to place the buttressing sutures too tightly
as this could result in ischaemia of the stump and, subsequently,
increased pancreatic leakage.18
The isolated jejunal loop for the pancreatic and biliary anasto-
moses reduces tension on both the pancreatic and biliary anasto-
moses, particularly in patients with a short, thick mesentery. In
addition, the isolated loop reduces the risk of reflux of bile into the
stomach and mechanical obstruction of the biliary or pancreatic
anastomosis by food bolus. Finally, in the case of pancreatic or
biliary leaks, the patient can continue to be fed enterally without
problems.
It has been suggested that pancreatic leaks can be activated by
static biliary secretions near the pancreatic anastomosis, and sub-
sequently proposed that separate biliary and pancreatic anasto-
moses should be established by using two different loops.20 This
did not appear to be a problem in this particular study and it may
be that our practice of maintaining a relatively longer distance
between the two anastomoses (20 cm rather than the more com-
monly reported 10 cm) may have helped.
In this series, we observed no in-hospital mortality and only
one pancreatic and one biliary anastomotic leak, both of which
were low-volume and resolved with conservative treatment. The
low pancreatic leak rate in the present study is multifactorial and
results from the use of the modified Cattell’s technique for PJ, the
buttressing of all soft and intermediate pancreases and the use of
an isolated biliopancreatic limb. Comparison between the two
groups (soft/intermediate vs. firm pancreases) was not possible as
this was only a pilot study. The overall complication rate was also
low. Interestingly, three of the four cases of bleeding from the
staple lines in the early part of our experience occurred in patients
who underwent portal vein resection; this is perhaps a result of
transient portal hypertension, which may have contributed to a
higher risk of bleeding. Therefore, we now avoid stapled anasto-
mosis if portal vein resection is performed.
In conclusion, according to our early experience with this
modified Cattell’s technique for PJ, the buttressing of soft pancre-
ases and establishing of an isolated biliopancreatic loop are mea-
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